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DISCLAIMER

This material is based upon work supported by the Department of Energy, NETL, under Award Number DE-
FEOO031617. This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
Imply its endorsement, recommendation, or favoring by the United States Government or any agency

thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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BACKGROUND

APPLICATION AND MOTIVATION

A Natural Gas Compressor Stations

A Utilize waste heatl sCQ Brayton power cycle
A 11pts Eff. Increas¢41% to 52% cycle eff.

A Objective: conceptual design of cycle and turbomachinery

TECHNICAL APPROACH

A 2 Drivetrain config| Dual spool approach

A Elimination of gearbox and use of GOearings
A Hermetic casing; free of C@missions

A Immersed generator in high density GO

TECH RISKS

A Rotor-bearing system dynamics

A Radial bearing damping and load capability
A Thrust bearing load capacity

A Thermal stability/design of hermetic machine

OTHER POTENTIAL APPLICATIONS
A Concentrated solar power cycles
A Nuclear power cycles

NG COMPRESSOR STATION

GAS TURBINE (GT)

Conve:ltional y / i B.m- i
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- Stiffness/damping req.
Dynamic bearing loads

PHASE 2 SCOPE AND OBJECT EEEEE L o

- Stage configurations/RPM
- Space envelope/inertias
- Thrust vs. speed

---------------------------

- Develop design practices and methods | A

Geometry, inertia,
stiffness

- Bearing spans/locations
- Expander sections

- Benchmark mechanical systems & electric machine des|@deii (feroDeign ) |

~Gydetfiienc Bkt b
Operating S |

- Stage config.
- Flow path

(1) drivetrain rotordynamics

(2) thrust bearing load capacity

(3) thermal system design CENTRIRs CERERATER

___38MW 4.8 MW J_1 MW PM STARTER
. -

TURBOMACHINBE

PHASE 1
Oil-Free Hermetic A

high- speed
driveline Y

TEST RIG

il

UTSR 2022: BEE00031617 September28", 2022 4



TEST RIG DESIGN. rureo
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Max Speed = 27 KRPM
Max Rotor Thrust = 1,500 lbs

Max Casing Pressure = 500 PSIG
Working Fluid = CO2
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KEY ENABLING TECHNOLOGY: G

RADIAL BEARING SYSTEM

A Compliant tilting externally pressurized pads
A Hermetic squeeze film dampers

A Additively Manufactured

A Damping & misalignment capability
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THRUST BEARING SYSTEM

A Compliant externally pressurized tilting pads
A Additively Manufactured

A Load capacity & misalignment capability

st
2;%Individual Thrust Padsg
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Schedule and Tasks

BEARING DESIGN

,
Program Activities

GE
Research

Year 1] Year 2 | Year 3 | Year 4)

Quarter: | Quarter: | Quarter: | Quarter:
1/2/3/4)1/2/3 4§12 /3/4]1/2/3/4

- CAD
- load capacity/dynamics
- structures/stress/life

Task 1: Project management
Coordination, schedule & risk management, reports & publications, conf. travel

Deliverable: Quarterly progress reports

v VVVIVIVVIVVVV

- damper and gas film

TEST LOOP AND RIG

- loop layout and design

- casing design

- rotor design

- rotordynamics

ELECTRIC MACHINE DESIGN

- mechanical design

- assembly/installation methods
- electromechanical design rotor/armature
- VFD and control

SYSTEM THERMALS/2 FLOW

- rotor/bearing windage

- runner design & bearing cooling scheme
- EM cooling scheme/design

- final thermomechanical analysis

ADDITIVE COMPONENT BUILDS

——————————————————————————————————————————————————————————

- full component builds
- quality inspections |\ PROGRESS

Task 2: Bearing design & fabrication

Bearing design

Bearing fabrication

Milestone: Bearing design completed
Milestone: Bearing fabrication completed

Task 3: Test rig design, pressure vessel & flow loop procurement
Rig &flow loop design

Rig procurement

Milestone: Rig design completed

Milestone: Detailed drawings released

Milestone: Pressure vessel & flow loop procured

Task 4: Electric machine design & procurement
EM design & consult
EM procurement
Milestone: EM design completed
Milestone: Detailed drawings released
Milestone: EM procured

Task 5: Test rig fabrication &assembly
Rig parts machining
Loop & rig assembly
DAQ &rig commissioning
Milestone: Test rig & flow loop assembled; shake-out completed

oM X X

rﬂq.’olrl.”lrl’rlq

Task 6: Full-scale rotor testing
Testing
Milestone: Testing completed

>

Nl

Task 7: Modular heat engine costing
Roll-up of latest cost data and information

L Milestone: Costing completed

@ Denotes Milestone '/ Denotes Deliverable
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